from kimchi, was grown in MRS broth at 37 o C. L. plantarum KCTC 10782BP and L. acidophilus KCTC 11906BP obtained from Cell Biotech (Gimpo, Korea) were used as control strains for probiotic characterization. Lactococcus lactis subsp. lactis and L. lactis subsp. cremoris were used as starter cultures for the production of cottage cheese. These strains were obtained from New England Cheese Making Supply Co. (South Deerfield, MA, USA) in freeze-dried form.
Identification of isolated strain L. plantarum Lb41 was identified by following the 16S rRNA sequencing method of Macrogen Inc. (Seoul, Korea). The sequencing results were compared to the Basic Local Alignment Search Tool (BLAST) database of the GENBANK data library (http://blast.ncbi.nlm.nih.gov).
Characterization of probiotic L. plantarum Lb41 The resistance of L. plantarum Lb41 to artificial gastric acid and bile salts was determined according to a modified protocol by Lee et al. (16) . The resistance to artificial gastric acid was determined using MRS broth containing 0.3 μg/mL pepsin (Sigma-Aldrich, St. Louis, MO, USA), adjusted to pH 2.5 with 0.1 M HCl at 37 o C for 3 h. The resistance to bile salts was determined in MRS broth containing 0.3 μg/mL oxgall (BD BBL, Franklin Lakes, NJ, USA) at 37 o C for 24 h. Viable cell counts were determined by incubating aliquots on MRS agar plates.
Enzyme activity was assessed using the API ZYM kit (BioMerieux, Lyon, France). L. plantarum Lb41 (10 6 CFU/mL) was inoculated in each of 20 cupules. After incubation for 4 h, ZYM A and ZYM B reagents were sequentially added to each cupule. The level of enzyme activity was determined by substrate hydrolysis assessed by color intensity.
The adhesive ability of L. plantarum Lb41 was examined using HT-29 cells (human colon adenocarcinoma cell line, KCLB 30038). HT-29 cells were seeded at a concentration of 1×10 5 cells/well in 24-well tissue culture plates and incubated at 37 o C (17) . After incubation for 24 h, L. plantarum Lb41 (1×10 7 CFU/well) was added to HT-29 cells and incubated for 2 h. The non-adherent cells were removed by washing thrice with phosphate-buffered saline (PBS; Gibco Life Technologies, Invitrogen, Carlsbad, CA, USA). Triton X-100 (SigmaAldrich) solution was used to detach the bacteria. The number of L. plantarum Lb41 was counted using the viable cell count method.
The disk diffusion method was performed to determine antibiotic susceptibility of L. plantarum Lb41 to eight kinds of antibiotics including ampicillin (0.2 mg/mL), gentamicin (0.2 mg/mL), kanamycin (0.6 mg/mL), streptomycin (0.2 mg/mL), tetracycline (0.6 mg/mL), ciprofloxacin (0.1 mg/mL), chloramphenicol (0.6 mg/mL), and doxycycline (0.6 mg/mL), according to the protocol of Haghshenas et al., with modifications (18) . L. plantarum Lb41 was spread evenly at a concentration of 1×10 5 CFU/mL on MRS agar plates, and paper discs containing antibiotics were applied. Inhibition zones were measured after incubation for 24 h at 37 o C. cells/ well) were added. After 24 h incubation, the NO concentration was determined by measuring the amount of nitrite in the cell culture supernatant, using the Griess reagent. A microplate reader (Molecular Devices) was used and absorbance was measured at 540 nm. NO production was calculated by comparison to a calibration curve produced using sodium nitrate as a standard.
Application in cottage cheese as a probiotic carrier Cheese was manufactured according to standard procedures using skim milk produced by Seoul milk (Seoul, Korea). Control cheese was used starter cultures of New England CheeseMaking Supply (Deerfield, MA, USA), while probiotic cheeses were starter culture of New England CheeseMaking Supply with L. plantarum Lb41. When the temperature of the milk reached 37 o C, the cheese starter culture was inoculated and left for 30-45 min for ripening. Subsequently, rennet was added and left to ripen. The resulting curd was cut into pieces with a width of approximately 1 cm and was heated slowly to 42 o C until the pH reached 4.7 to 4.6. The curds were washed with cold water and the whey and water were drained through a cheesecloth. The cheese samples were wrapped under a vacuum and stored for 4 weeks.
Samples of cottage cheese were assayed for fat, protein, total solids, and ash following association of official analytical chemists (AOAC) methods (20) . The nitrogen-to-protein conversion factor used 6.38. pH value was measured using a pH meter. All analyses were done after 0, 1, 2, 3, and 4 weeks of storage.
The number of lactic acid bacteria in cottage cheese was counted using the viable cell counting method. Aliquots were plated on plate count agar with bromocresol purple, using 10-fold dilutions, and incubated for 24 h at 37 o C. Cell counting was performed after 0, 1, 2, 3, and 4 weeks of storage.
Statistical analysis
The data for each treatment were obtained in triplicate, and analysis of variance (ANOVA) and Duncan's multiple range tests were performed using SPSS 18 software (SPSS Inc., Chicago, IL, USA).
Results and Discussion
Tolerance to artificial gastric acid and bile salts The tolerance of L. plantarum Lb41 to artificial gastric acid (pH 2.5, 0.3 μg/mL pepsin, for 3 h) and artificial bile salt (0.3 μg/mL oxgall, for 24 h) was assessed to evaluate the probiotic potential of this strain. L. plantarum Lb41 experienced a 0.06 log reduction in artificial gastric acid for 3 h and showed a high resistance to acidic conditions (Table 1 ). L. plantarum Lb41 was able to survive with a 1.36 log reduction in bile salt conditions after 24 h. Compared with L. plantarum Lb41, L. plantarum and L. acidophilus showed resistance to artificial gastric acid with a 0.15 and 1.03 log reduction after 3 h, respectively. Further, these strains showed less resistance to artificial bile salts than L. plantarum Lb41, with a 2.71 and 2.48 log reduction in cell growth, respectively. Bile salts are toxic for living cells because they compromise the structure of the cell membrane. In general, the bile salt concentration in the human gastrointestinal tract is approximately 0.3% (w/v) based on previous studies (21) . L. plantarum WLPL04 exhibited tolerance to acidic conditions but displayed an approximate 2 log reduction in growth in bile salt (0.3 μg/mL oxgall, after 24 h) conditions (13) . L. plantarum Lb41 revealed superior tolerance to acidic conditions and higher survival in artificial bile salts. Therefore, L. plantarum Lb41 should be capable of colonizing the human intestine.
Production of enzymes Procarcinogens are converted to carcinogens in the intestine by bacterial β-glucuronidase (22) . β-Glucuronidase, regarded as a carcinogenic enzyme was not produced by L. plantarum Lb41 (data not shown). However, L. plantarum Lb41 produced leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, β-galactosidase, and β-glucosidase.
Bacterial adhesion to HT-29 cells
To colonize the human intestinal epithelium, adherence is regarded as an essential property of probiotics. Adhesion of L. plantarum Lb41 was confirmed by the plate method ( Table 1 ). The initial inoculum of L. plantarum Lb41 was 8.68±0.16 log CFU/well. After 2 h, the number of bacteria adhering to HT-29 cells was 7.57±0.06 log CFU/well. Upon the addition of 8.65±0.03 log CFU/well of L. plantarum, the number of adherent bacteria was 7.58±0.09 log CFU/well. L. acidophilus showed lower adherence than L. plantarum Lb41. Inoculation of L. acidophilus at a concentration of 7.94±0.14 log CFU/well resulted in attachment at a concentration of 6.55±0.07 log CFU/well. Lactobacillus spp. were capable of attaching to human intestinal cell line from 2 to 10%. Previously, L. lactis ATCC 11454, L. paracasei 34, L. paracasei ATCC 27092, and L. casei ATCC 393 were shown to have adherence rates of 2-4% to Caco-2 cells (23) . In addition, when L. plantarum SY11 and SY12 were plated at approximately 8 log CFU/well, they adhered at a concentration of 7.11±0.02 and 6.86±0.11 log CFU/well, respectively (24) . Therefore, the adhesion rate of L. plantarum Lb41 (7.5% adhesion) was superior and survival was sufficient to exhibit probiotic properties.
Antibiotic susceptibility of L. plantarum Lb41 All bacteria used for starter and probiotic cultures must be assessed for antibiotic resistance and monitored to block the transfer of antibiotic resistance genes to other microorganisms, especially pathogenic bacteria (25) . Through conjugative plasmids and transposons, antibiotic resistance genes are delivered to other bacteria (26) . Tetracycline, streptomycin, erythromycin, or chloramphenicol resistance genes are encoded by R-plasmids in Lactobacillus spp. Antibiotic resistance genes such as tet (M), ermAM, cat, and aphA-3 are encoded by AR genes in the X chromosome of LAB (27) . L. plantarum Lb41 had resistance to four of eight antibiotics, gentamicin, kanamycin, streptomycin, and ciprofloxacin (data now shown). However, L. plantarum Lb41 was inhibited by ampicillin, tetracycline, chloramphenicol, and doxycycline. Previous studies have reported that lactobacilli have high resistance to these antibiotics (26) . For L. plantarum Lb41, similar results were observed. In addition, L. plantarum Lb41 was accepted in CLSI (Clinical and Laboratory Standards Institute) guideline. Anticancer activity of L. plantarum Lb41 The cytotoxicity of L. plantarum Lb41 was assessed against normal and cancer cells through MTT assays (Table 2 ). L. plantarum Lb41 (10 7 CFU/well) induced a superb anti-proliferative effect on AGS and HT-29 cells with 84.33 and 82.09% cell death, respectively. Proliferation of colon adenocarcinoma LoVo cell was inhibited effectively at 88.06%. In contrast, the cytotoxicity of L. plantarum Lb41 on normal MRC-5 cells was 17.19%. Therefore, this strain did not inhibit the proliferation of MRC-5 cells, and can be regarded as non-toxic. When L. plantarum 5BL was applied to AGS and HT-29 cells, this strain showed a cytotoxic effect of less than 80% against both cell lines. (28) . At a concentration of 10 8 CFU/mL, L. acidophilus 606 showed cytotoxic effects of approximately 80, 65, 50, and 55% against HT-29, CX-1, WiDr, and DLD-1 cells, respectively (29) . These results demonstrate that L. plantarum Lb41 has anticancer effects and can inhibit the survival and proliferation of cancer cells effectively.
Anti-inflammatory activity of L. plantarum Lb41 The antiinflammatory activity of L. plantarum Lb41 was measured in RAW 264.7 cells, and the inflammatory response was induced with LPS ( Fig. 1) . NO production decreased in the group cultured with L. plantarum Lb41 (2.76 μmol) compared to that in the control LPSstimulated group (44.71 μmol). Therefore, L. plantarum Lb41 had an anti-inflammatory effect.
Composition and viability of LAB during cottage cheese storage
The physicochemical properties of cottage cheese during 4 weeks of storage are presented in Table 3 . Two types of cottage cheese did not show any significant differences in total solid, ash, protein, fat, and pH (p<0.05). The viable cell number of LAB in control and probiotic cheeses was increased at first, but decreased after the second and third week, respectively. The general shelf life of cottage cheese at 3- CFU/g during 12 days of storage (30) . Similarly, the viable cell number of LAB in control cheese was increased until 2 weeks, after which it began to decrease. However, the number of LAB in cottage cheese with the probiotic strain increased until the third week. The rate of decline of viable cells in probiotic cheese was slower than that in control cheese. These results proved that the addition of probiotic bacteria has a positive effect on cottage cheese storage. From these results, we conclude that L. plantarum Lb41 has potential for use in cottage cheese as a probiotic carrier.
